The layered ternary compound TaIrTe 4 is an important candidate to host the recently predicted type-II Weyl Fermions. However, a direct and definitive proof of the absence of inversion symmetry in this material, a prerequisite for the existence of Weyl Fermions, has so far remained evasive. Herein, an unambiguous identification of the broken inversion symmetry in TaIrTe 4 is established using angle-resolved polarized Raman spectroscopy. Combining with high-resolution transmission electron microscopy, we demonstrate an efficient and nondestructive recipe to determine the 2 exact crystallographic orientation of TaIrTe 4 crystals. Such technique could be extended to the fast identification and characterization of other type-II Weyl Fermions candidates. A surprisingly strong in-plane electrical anisotropy in TaIrTe 4 thin flakes is also revealed, up to 200% at 10K, which is the strongest known electrical anisotropy for materials with comparable carrier density, notably in such good metals as copper and silver.
Introduction
The recent discovery of Weyl semimetals has attracted substantial attention among materials scientists and condensed matter physicists [1] [2] [3] . It was predicted that two types of Weyl fermions [4, 5] may exist in solids with broken spatial inversion symmetry or time-reversal symmetry [2, 6] . In type-I Weyl semimetal the bulk Fermi surface shrinks to a point at the Weyl node with conserved Lorentz invariance [7] ; whereas in type-II Weyl semimetal the Weyl points appear at the topologically protected touching points between electron and hole pockets with titled Weyl cones [5] .
While considerable progress in both theory and experiment has been made on type-I Weyl semimetals [1, 2, 8] , only a few type-II Weyl semimetals have been identified [5, 9, 10] .
TaIrTe 4 has recently been proposed to be a type-II Weyl semimetal candidate [7] . As a ternary variant of WTe 2 , TaIrTe 4 is a layered material with interestingly strengthened
Te-Te bonds and various possible crystal symmetry [11] , referred to as the monoclinic (1T' phase) and orthorhombic structures (T d phase). While the monoclinic 1T' phase has the centrosymmetric space group P2 1 /m, the orthorhombic T d phase has two possible space groups, the non-centrosymmetric Pmn2 1 and the centrosymmetric Pnmm [12] . The Pmn2 1 T d phase TaIrTe 4 is predicted to host just four type-II Weyl points, the minimal number of Weyl points hosted by a system with time-reversal invariance [7, 10] . Intensive efforts have been made to search for the related effects of the broken inversion symmetry and the type-II Weyl nodes of the material [2, 6] .
However, the definitive signature of the broken spatial inversion symmetry or time-reversal symmetry in TaIrTe 4 has yet to be firmly established [13] . Previous X-ray diffraction study was confronted with the uncertainty associated with subtle differences between the Pmn2 1 and the Pnmm space groups [11] . Recent pump-probe angle-resolved photoemission spectroscopy studies [13, 14] have observed hints of Weyl points and topological Fermi arcs in TaIrTe 4 with limited resolution, since the Weyl points and topological Fermi arcs are predicted to reside entirely above the Fermi level in TaIrTe 4 [13] . For transport studies, a negative longitudinal magnetoresistance, which signifies the chiral anomaly of Weyl Fermions, has not yet been observed in TaIrTe 4 [15] .
In this report, we use angle-resolved polarized Raman spectroscopy, which are directly sensitive to the crystal symmetry, to confirm unambiguously the absence of inversion symmetry in TaIrTe 4 bulk crystals as well as in its thin flakes. We observe strong optical and electrical in-plane anisotropy of few-layer TaIrTe 4 and provide a rapid and nondestructive method to identify the crystallographic orientation of TaIrTe 4 .
The in-plane electrical anisotropy of TaIrTe 4 thin flakes is found to be the strongest among materials with comparably high carrier density, which may enable new architectures in electrical interconnects in future integrated circuits. The results will prove valuable not only for further research into the physics and application of TaIrTe 4 but also for exploration of the family of type-II Weyl semimetals.
Results and discussion
Raman spectra of TaIrTe with the results in the literature [11] .
Few-layer TaIrTe 4 flakes were exfoliated mechanically and transferred onto a silicon substrate with 300 nm SiO 2 . The flake thickness measured by atomic force microscopy (AFM) is shown in Figure 1c . Having a layer-to-layer spacing of 1.32 nm [11] , we can clearly identify TaIrTe 4 with thicknesses down to around 1.5 nm, corresponding to single unit cell of TaIrTe 4 . In this work, we focus on flakes with ten layers or more with large enough size to perform optical and electrical measurements. Figure 1d shows the thickness dependent Raman spectra of TaIrTe 4 flakes. It can be seen that the Raman intensity of thin flakes (< 20 nm) is relatively strong compared to the thick flakes (> 20 nm). We attribute this phenomenon to the interference enhancement effect [16] . Contrary to other layered materials, the position of the Raman peaks of TaIrTe 4 samples at different thicknesses did not change significantly [17] .
Throughout the rest of this study, we shall focus on the flakes with thickness less than 20 nm. TaIrTe proposed, large Weyl node separation in TaIrTe 4 [7] . Mode D also has angle-dependence that matching perfectly with Raman tensor analysis (see 
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Optical in-plane anisotropy
Now we consider angle-resolved Raman spectra of the TaIrTe 4 samples. Freshly exfoliated thin TaIrTe 4 samples on 300 nm SiO 2 were mounted onto a rotation stage.
The Raman spectra were taken using a 633 nm He-Ne laser. Figure 3a shows an optical image of a TaIrTe 4 flake with a thickness around 12 nm. The x-axis was assigned to be along the naturally occur crystallographic edge as shown in Figure 3a .
Later we will show that this edge indeed corresponds to the a-axis (zigzag direction of the Ta Quantitative analysis on the observed anisotropic phenomena can be made, based on the group theory, from Raman tensors and density functional theory (DFT)
calculations. The intensity of Raman signals from these modes can be expressed as [18] : In our experiment, the laser shines perpendicular to the (001) surface and thus for a sample with rotation angle , = (cos( + 0 ) , sin( + 0 ) , 0) for the incident light, and = (cos( + 0 ) , sin( + 0 ) , 0) for the scattered light in the parallel-polarized configuration [20] . According to the backscattering geometry, only A 1 and A 2 modes have non-zero intensity [20] . The angle-dependent intensity for the A 1 and A 2 modes can be expressed as: 
Here is a phase factor which accounts for the light absorption effect on the Raman tensor elements [20, 21] or the birefringence effect [22] . We selected six relatively strong
Raman peaks in parallel-and cross-polarized configurations, respectively, to fit to equation (3)- (4). The fitted curves are in good agreement with the experimental data ( Figure 4) . In particular, possible effects from defects can be excluded from the angular dependence of the major Raman peaks as well as the stability of these peaks under ambient conditions [23] (more discussions in supplementary information section 8).
We find that the angular dependent intensity for A 1 modes varied in periods of 180°
and 90° in parallel-polarized configuration; while those for A 2 phonon modes varied in a period of 90°. In particular, the A 1 modes having a period of 180° could be used to determine the crystallographic orientation of the TaIrTe extended to other type-II Weyl semimetal candidates with in-plane anisotropy [20, 24] .
Electrical in-plane anisotropy
According to DFT calculations, the density of states of TaIrTe 4 at the Fermi level is very high [7] . Experimentally we measured a Hall density of ~1.2×10 27 m -3 . In view of the large carrier density, one can consider TaIrTe 4 to be one of the good metals, which usually have isotropic conductivity [25] . To our surprise, thin TaIrTe 4 samples exhibit extraordinarily strong electrical anisotropy, which is hitherto unprecedented among such good metals as copper and silver.
In order to study the electrical anisotropy of TaIrTe 4 , we fabricated 12 electrodes (5 nm Cr/ 50 nm Au) on the same flake spaced at an angle of 30° along the directions as shown in Figure 5a and 0° is aligned roughly with the a-axis according to quantitative analysis based on the polarized Raman spectra. DC conductance was measured between each pair of diagonal contacts at different temperatures and the results are plotted in Figure 5b in polar coordinates. For an anisotropic material, the directional dependence of the low field conductivity can be described by the equation [26] :
and refer to the conductivity along the (100) and (010) directions, respectively.
is the angle of the applied current with respect to the 0° reference direction, along which both the electric field is applied and the conductance is measured; is the angle between the x-direction and the 0° reference. Equation (5) fits very well to the measured data (solid curves in Figure 5b) . From the fitting, we obtained a ratio of / to be from 1.7 to 2.0 for temperature ranging from 300K to 10K (Figure 5c ). It is found that the a-and b axes of the TaIrTe 4 thin film could be independently determined using the angle-resolved DC conductance measurement, with the maximum conductivity along the a-axis. In fact, the difference between the crystal orientations determined from the conductance measurement and from the polarized Raman spectroscopy is less than 5.6%. Another TaIrTe 4 device was measured at 300K
and presented similar anisotropic behavior (more details in supplementary Figure   S6 ).
To further understand the transport properties, we performed temperature-dependent
Hall measurement along the a-and b-axes using the same device shown in Figure 5a .
We attempted to obtain the ratio of Hall mobility ( ) and carrier concentrations ( ) along the two directions. Since Hall resistivity can be expressed as = − , we can obtain the carrier concentrations from the slopes of the vs curves taken at different directions. To extract the slope along the a direction, a constant current I flows between leads 1 and 7 and the voltage V is measured between leads 4 and 10 when sweeping the magnetic field. Similarly, the slope of vs along the b direction was obtained. We then use the formula = to get the ratio of the Hall mobilities. Figure 5c shows the temperature-dependent carrier concentration along aand b axes (n a and n b ) and the inset shows n a /n b and μ a /μ b versus temperature. While the carrier concentrations remain the same along the two directions, a significant difference arises from the Hall mobility. Since the anisotropy in mobility decreases as temperature increases, we can exclude phonon scattering as the origin of the electrical anisotropy. A likely explanation of the anisotropy is the different effective masses along the two principle axes of the TaIrTe 4 crystals [27] . Such strong electrical anisotropy, together with the high carrier density and the environmental stability of the material (see supplementary information section 5 for stability study of TaIrTe 4 thin flakes), may enable new architectures in electrical interconnects in future integrated circuits [28] .
Summary
In summary, we provide the first definitive evidence for the absence of inversion symmetry of the TaIrTe Figure S7 ) [29] .
First-principles calculations. The ab initio calculations are carried out using the Vienna ab initio simulation package (VASP) [30] with the local density approximation (LDA) [31] and the projector augmented wave potentials (PAW) [32] . The kinetic energy cutoff is fixed to 400 eV, and the k-point mesh is taken as 8 × 2 × 2. The coordinates and the cell shape have been fully relaxed until the forces acting on the atoms are all smaller than 10 -4 eV/Å, The small displacement method implemented in phonopy package [33] was used to get the phonon frequencies and vibration modes at the Γ point. 
